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Suimary 

An  A.M.D.  9511  Floating  Point  Processor^ has  been  interfaced  to  the 
Rutherford  Laboratory  Bubble  Chamber  Group’s  micro  conputers^-^  These 
coinputers  are  based  on  the  INTEL  3Q80A  micro  processor.  The  interface  uses 
a  memory  mapped  I/O  technique  to  ensure  rapid  transfer  of  arg'jments  between 
processors.  The  .A.M.D.  9511  acts  as  a  slave  processor  to  the  INTEL  30S0A 
system.  The  8080  processor  is  held  in  'WAIT'  status  until  completion  of  the 
.A.M.D.  operation. 

A  software  Macro  Processor  has  been  written  to  effectively  extend  the  basic 
INTEL  a080A  instruction  set  to  include  the  full  range  of  A.M.D.  9511 
instructions.  \ 


Visitor  from  the  Faculty  of  Mathematics  and  Physics,  Charles  University, 
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i>:tsoduction 


At  the  present  time,  the  largest  sector  of  the  aicro  computer  market  is 
that  covered  by  the  8  bit  micro-processors  of  which  IlITEL  S080A/8085/SCC3, 
MOTOROLA  6800  and  FAIRCHILD  F8  are  well  known  examples.  These  micro¬ 
processors  have  found  wide  acceptance  for  many  control  and  data  handling 
tasks  and  indeed  provide  highly  satisfactory  solutions  to  many  problems. 
They  are  particularly  suited  to  many  communication  problems  that  are  S  bit 
orientated.  However,  their  3  bit  architecture  is  somewhat  of  a  limiting 
factor  in  applications  involving  numerical  computation.  Such  computations 
requiring  only  single  (16  bit)  or  perhaps  even  double  (32  bit)  precision 
integer  or  fixed  point  arithmetic  can  be  handled  without  too  much  difficul 
by  software  methods.  These  methods  are  slow  to  execute.  More  complex 
calculations,  particularly  those  usually  encountered  in  a  scientific 
environment  require  the  use  of  floating  point  arithmetic  with  32  bit  wide 
words.  This  can  also  be  implemented  via  software  but  is  very  slow  and 
inefficient.  It  is  far  preferable  to  provide  such  facilities  via  special 
high  speed  hardware. 

This  hardware  now  exists  in  the  fora  of  a  single  L.S.I.  component;  the 
AM  9511  produced  by  ADVANCED  MICRO  DEVICES This  device  provides  the 
basic  arithmetic  operations  of  Add,  Subtract,  Multiply  and  Divide  in  Fixed 
Point  single  and  double  precision  (16/32  bit)  and  Floating  Point  single 
precision  (32  bit)  formats.  It  also  provides  a  set  of  derived  functions 
based  on  32  bit  floating  point  format,  namely:- 

(i)  Trigonometric  and  inverse  trigonomentric  functions. 

(ii)  Square  roots. 

(iii)  Logarithms  (common,  nature!). 

(iv)  Exponentiation  (e' ,  y  ). 

(v)  Conversions  from  fixed  point  to  floating  point  and  vice  versa. 

(vi)  Data  Manipulation  Instructions. 

It  has  a  general  purpose  bi-directional  8  bit  data  bus  allowing  simple 
interfacing  to  8  bit  micro -processor  systems. 

The  overall  system  architecture  of  a  micro-computer  employing  this  device 
can  be  considered  as  that  of  a  distributed  system  using  two  asynchronous 
CPU's  operating  in  parallel.  One  CPU  handles  the  basic  8  bit  orientated 
problems  such  as  computer/memory  organisation,  communication  (I/O)  etc., 
whilst  the  other  is  dedicated  to  handling  the  arithmetic  operations. 
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This  architecture  makes  very  efficient  usage  cf  the  basic  ccraponent 
resources.  In  many  micro-computer  applications,  32  bit  floating  point 
operations  are  required  relatively  infrequently.  It  is  therefore 
uneconomic  to  have  to  provide  full  16/32  bit  architecture  with  its 
associated  wide  address  and  data  paths;  far  better  to  use  an  economical 
3  bit  architecture  with  a  special  purpose  processor  to  handle  the  arithmeti 
requirements. 

The  speed  with  which  the  arithmetic  operations  are  executed  in  a  dual 
processor  system  is  limited  by:- 

(i)  The  basic  speed  of  the  arithmetic  processor. 

(ii)  The  number  and  speed  with  which  the  basic  arguments  can  be  passed  to 
the  arithmetic  processor. 

The  AM  9511  is  currently  available  with  a  choice  of  two  basic  clock  speeds, 
2  and  4  M.Hz.  The  execution  time  for  a  floating  point  multiply  operation 
with  the  4  M.Hz.  device  is  quoted  as  40  usees.  The  speed  with  which 
arguments  can  be  passed  to  the  device  depends  upon  the  basic  speed  of  the 
host  micro-processor,  its  memory  cycle  time  and  the  level  of  sophistication 
of  its  interface  to  the  arithmetic  processor.  With  the  .AM  9511,  the 
arguments  must  be  transferred  in  a  byte-serial  manner.  As  an  example,  a 
32  bit  floating  point  operation  with  two  input  and  one  output  arguments 
requires  the  transfer  of  at  least  9  bytes  to  the  device  and  4  bytes  from 
the  device.  With  an  INTEL  S080A  based  host  using  a  2  M.Hz.  clock  and 
conventional  programmed  I/O,  these  transfer  times  are  of  the  order  170  usec 
The  transfer  time  is  small  compared  to  the  time  taken  by  the  AM  9511  to 
evaluate  a  trigonometric  function,  ('v  2  msec)  but  long  compared  to  the  time 
taken  to  perform  a  single  precision  floating  point  add  operation  (23  - 
175  usec) . 

The  full  instruction  set  of  the  AM  9511  comprises  41  instructions,  32  or 
which  operate  on  full  32  bit  word  length  variables.  This  instruction  set 
together  with  execution  times  in  terms  of  basic  clock  cycles  can  be  found 
in  Reference  1. 


INTERFACING  THE  AM  9511  TO  AM  INTEL  8080A  SYSTEM 


2.1  The  Hardware  Interface 


The  simplest  way  to  interface  the  AM  9511  device  to  an  8080  system 
is  to  treat  the  device  as  a  peripheral  I/O  component.  Conventional 
programmed  I/O  can  then  be  used  to  output  arguments,  a  byte  at  a  time, 
to  the  AM  9511.  These  arguments  are  input  by  the  AM  9511  and  stored 
on  its  internal  stack.  This  stack  can  be  either  16  bits  wide  and 
8  levels  deep  or  32  bits  wide  and  4  levels  deep.  Its  organisation 
is  illustrated  in  Figure  1.  The  entry  of  each  new  byte  to  the  stack 
causes  the  stack  to  shift,  the  previously  entered  byte  being  pushed 
down  and  the  new  byte  remaining  on  top  of  the  stack.  Single 
precision  integer  (16  bit)  arguments  require  two  entries  to  the  stack. 
Double  precision  integer  or  real  (32  bit)  arguments  require  four 
entries  to  the  stack. 

A  command  instruction  is  output  to  the  AM  9511  to  initiate  the  required 
operation.  The  .4M  9511  has  a  'PAUSE'  output  line  which  it  uses  as  a 
busy  indicator.  This  can  be  used  to  hold  the  3080  CPU  in  a  'WAIT' 
state  until  the  AM  9511  is  ready  with  the  result  of  its  operation.  This 
result  is  available  on  the  top  of  the  stack  and  can  be  read  by  the  3030 
system  by  a  series  of  normal  I/O  read  instructions.  Special  ccmmands 
enable  the  stack  to  be  manipulated  independently  of  any  arithmetic 
operation.  Memory  mapped  I/O  techniques  can  be  used  rather  than 
conventional  I/O.  With  memory  mapping,  the  .4M  9511  interface  can  be 
considered  as  analogous  to  a  slow  memory. 

This  simple  interface  is  easy  to  implement  at  the  hardware  level  but 
has  the  disadvantage  that  the  host  CPU  is  inactive  for  the  duration  of 
the  required  operation.  This  could  be  for  a  time  of  the  order  of 
milli-seconds  for  some  operations.  For  some  time-critical  environments, 
this  dead  time  may  be  unacceptable.  In  such  cases  it  is  better  to 
ignore  the  'PAUSE'  line  and  to  use  an  alternative  signal  (EMD)  issued 
by  the  AM  9511  device  on  completion  of  its  operation  as  an  interrupt 
to  the  host  CPU.  The  interfacing  is  slightly  more  complicated,  requiring 
the  use  of  an  interrupt  controller,  but  has  the  advantage  that  the  host 
CPU  can  service  other  tasks  whilst  the  AM  9511  device  is  busy.  Thera 
is  a  slight  penalty  in  effective  execution  time  with  this  method  due  to 
the  overheads  of  context  switching  on  receipt  of  the  interrupt. 
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.^no'her  ir.zzvzaa  r:=cr.oc  for  ior^her  perfcrr:anca  sysceno  is  :o  osa 
a  ^irscr  Memory  Access  conrrcller.  A  sicrple  3>LA  syscen  provides 
only  a  very  slighr  decrease  in  transfer  tine  for  :he  arg\niienc3  and 
'onlass  care  is  taken  can  actually  vorsen  the  transfer  tine.  This 
is  due  to  tne  overheads  in  DMA  systems  of  the  need  to  pass  tne  address 
and  number  of  bytes  for  transfer  to  the  DMA  controller,  'vhere  cn_y  a 
small  number  of  bytes  have  to  be  transferred,  this  overhead  can  be 
significant.  The  method  can  be  useful  in  situations  vhere  many 
intermediate  results  have  to  be  sc  ,ed  and  a  very  high  speed  buffer  or 
cache  memory  is  used. 

Figure  2  shows  a  block  diagram  of  a  simple  prcgramced  or  memory  mapped 
I/O  interface . 

The  Software  Interface 

The  function,  of  the  software  interface  is  to  isolate  the  programmer 
from  Che  hardware.  It  ought  not  to  be  necessary  for  the  programmer 
to  have  to  know  details  of  either  .AM  9511  device  or  hardware  interface. 
The  software  interface  can  be  provided  by  an  extension  of  t.he  host 
micro-computer  instruction  sec  in  the  form  of  additional  macro 
instructions.  Assemblers  running  on  local  micro-ccmpucer  development 
systems  can  be  modified  to  provide  the  necessary  macro  instruction 
translation.  However,  a  more  powerful  and  flexible  approach  is  to  use 
a  Macro  Processor  written  in  a  high  level  lang’cage  and  running  as  a 
cross  product  on  a  large  host  computer.  This  Macro  Processor  can  run 
as  a  pra-step  to  a  conventional  cross  assembler  or  can  produce  an 
output  file  of  standard  micro-computar  instructions  for  use  with  local 
assemblers.  The  Macro  Processor  should  be  modifiable  to  handle 
different  host  micro— computers  and  different  hardware  interfacing 
techniques . 
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9511  >L!.CRC  LA.\GUAGZ 

Basic  Defi"icicns  and  Comnancj 

The  syntax  of  all  data  sets  and  hardwara  files  is  described  acc 

i  .  .  f  '*')  -i. 

to  3117  (3ackus  Momal  Fom)  production  ruies^^  .  The  narcvare 
representations  of  all  data  secs  (<M  9511  data  seo)  are  callec 


Sur'/ey  of  all  data  secs  (Software) 


<M  9511  data  set>  :  <nainstre3ia  data  set>/<print  data  set> 

<tiainscr2ati  data  sac>  :  <;inpuc  data  set>/<cucpuc  data  set> 

<input  data  set>  :  :■=  <input  data  satxinput  logical  raccrd>/ 

< input . logical  record> 

<outpucdata  set  >: <outpuc  data  secxoutput  logical  racord>/ 

<cutpuc  logical  racDrd> 

Survey  of  all  corresoording  files  (Hardware) : 

<input  file>  <file> 

<outpuc  fila>  : <file> 

<print  file>  ;  ;»■  <fila> 

<file>  : <rcw  of  closed  physical  records>  <E0F> 

<E0F>  means  "end  of  file"  or  equivalent 

<rcw  of  closed  physical  reccrds>  : :=  <rcw  of  closed  physical  records 

<closed  physical  record>  ; 
<closed  physical  reccrd> 

<closed  physical  racord>  :  :■»  <phy3ical  record^  <I3,G> 

<IRG>  means  "inter-record  gap"  or  equivalent  (new  line,  new  card) 

Each  <physical  record>  is  a  hardware  representation  of  exactly  one 
< input  logical  reccrd>  or  <oucpuc  logical  record> 

The  input  file  consists  of  card  images.  The  input  text  contains 
3080  instructions,  macroinstructions  and  cctmients.  All  input  cards 
are  printed  on  Che  printer  (print  file)  together  with  error  or 
warning  messages  and  description  of  the  content  and  status  of  the 
M  9511  stack.  The  output  file  can  be  realised  on  any  medium  that  ca 
hold  sequential  data  sets  and  consists  of  3080  assembler  instr-uctions 
in  card  image  format  (fig.  3). 


The  Mair.streani  daca  set 

The  3080  assembler  inscrucrions  differ  frcm  :ne  ir.srr\:cticns  ef  ahe 
Al!  9511  ('.>rrit:en  in  macro  language  M  9511)  by  rhe  name  of  rhe 
inscruccion  (mnaaonicsy  and  by  the  definition  of  the  parameter 
subfields . 

The  general  pattern  of  the  statement  of  both  kinds  of  instructions 
is  as  follows 


label>  [:] 


{(_i}<ins  tructior.> 
JLj; <conment> 


{(_i}<parameter 

<ccmment> 


tu/< instructions 
JiJJ;  <conjment> 


{i-t}<parameter 

y;<con!ment> 


fields 


fields 


[h  ;  <comment>J 


[Q;  <cotnmentsj 


^sequence  no '  i 

ULJOUUULJLJt 


•Aere 


e] 

means 

a  or  b  or  nothing 

1^1 

means 

a  or  b 

u 

means 

nothing  or  one  (or  more) 

means 

one  (or  more)  blank 

<a> 

means 

"a" 

.  3  The  Input  data  set 

3.3.1  Description  of  the  structure 

The  input  data  sec  consists  of  8080  assembler  language  instructions, 
8080  assembler  language  macro  instructions  (if  any),  M  9511  macro 
instructions  and  comments  (if  any) . 

The  M  9511  Macro  instructions  do  not  differ  syntactically  from 
normal  8080A  instructions.  The  only  difference  lies  in  the  name  of 
the  instruction  operation  and  in  the  meaning  of  the  parameters.  Names 
that  are  defined  for  the  M  9511  Macro  instruction  set  must  be  reserved 
exclusively  for  this  set  and  cannot  be  duplicated  for  normal  803CA 


macros . 


'A  ^511  Macro  last  rue  r  ions  can  be  .ipcicr.ai^y  ^orir.er.i. 

optionally  iollcw  the  parameter  fields  or  instruction  name  in  : 
absence  of  parameter  fields. 

3.3.1.  M  9511  Svntait  definition: 

The  Syntax  of  input  logical  records  as  described  by  IMF  produce 
rules  is  as  lollovs:- 

< input  logical  record>::=  <logical  record  30SC> ’< logical  recor; 
<logical  record  3CS0>::=  <3tacemer.t  SOSOxsequence  number  fielt 
<logical  record  M>;;=  <statement  Mxsequence  number  iield> 
<sequence  number  field>^::=  <blankecyxsequenc6  number’ 

<3eq.  of  blanks’ 

<seq.  of  blanks’:  :=  <3eq.  of  blanksxblank’ '  <falank’ 

<sequence  number’ <sequence  number’<digit> | <digi t’ 

<digit’:;=  0lli:!3i4j5|6i7!8i9 
<blank> : :=  u 

<b lankety’ ; ; =  <seq.  of  blanks’ | <emDty’ 

< empty’ ; := 

’"Statement  3C30>  See  aorendix  I 


The  definition  cf  M  9511  macro  language  now  follows 

<statement  M>'^::=  <instruotion  field’ ^ <label> : <ir.struction  field’ 
<instruction  fielG’::=  <seq.  of  blanksxinstructionxgeneral  parameter 


<label>::=  <  labelx  letter’ ;<  labelxdigi  t>  '  <letter> 

Only  the  first  five  characters  in  the  label  are  significant. 
<  letter’ :  A ;  3 1 C j D  j  E  '  F I  G | H j  I ;  J :  k! L  :  Mj  M '  0  j  ?  j  Q j  r|  S  J T ‘  Uj  V ;  w  ;  X ,  Y  '  T  '  5 


<  instruction’ ■! ;  :=  '  instructicn’<  let: 


er’  I  <  lettem 


’general  parameter  tield’::  <seq.  of  b lanktxparameter  f ieldxccmment 

f ield> ] ’cemment  field’ 

'"Comment  tield>;:=  <3eq,  of  blanks’ j  <blankety’ ; ’comment’ 

3 

^’parameter  tield’:  :=  ’parameter’ j ’parameter  subf  ieldxparameter  fid 
’parameter  subficld>::=  ’parameter’ i ’empty’ 

’parameter’ : :=  ’shi ft’ • ’regis ter  pair> i ’variable’ 


Seriar.tiics : 

All  M  ?511  niacr:  ins tr'ac cions  are  expanded  incc  cha  sacner.res  :1; 
assembler  inscrxctions  in  order  co  provide  cha  required  ooeracions. 


The  meaning  of  seme  scmcaccical  s'nnbols  is  as  follows 
<labei>  means  label 

< inscruccicro>  corresponds  co  a  specific  inscruccion  in  che  Al-l  ■1511 
instruction  set 


<para3iet£r>  represents  a  Direct  Address  or  Indirect  Address  and/or 
an  AM  9511  Stack  Operation 

a)  Instructions 


A  full  description  of  M  9511  Macro  Instructions  is  pr 
Appendix  II.  To  a  large  extant  the  same  mnencnics  as 
in  Reference  1  are  repeated  in  the  Macro  Instruction 
following  j-isc  ot  instructions  however  differ t  — 


•ovided  in 
are  used 
set.  .  The 


M  9511 
NORM 

;:o?s 

NCPD 


AM  9511  (Ori 


ginai 


oet) 


NO? 


DSTM 


-le  sopv  i:i3£ruc:i0ii  is  so  aaoec  as  -o  distiagoish  it  iron  --e  TriH; 
3080  iascr-aoaioo  ,08.  Ti.s  ,CP  ;f,  iasar-soaio^s  ara  „sa^" 

raad/-sriaa  paran.eaaas  iat=/o„a  of  a.ha  S.M  9511  .saaaa  viaiaoua  parrora>, 
any  oparaaion.  The  DSTl  instaacaion  is  used  to  read  the  »!  9511  de. 

Status  information  (see  Ref.  1)  -Ti-’g  ir 

•  3-nst.ucticn  arracts  the  5080 

condition  bits  accordinglv. 
b)  Paraneters 

Apart  fr=„  aha  s  paraoaaer  that  »ill  h,  dasarihad  laaar,  aha  paasaac 
or  a  parameter  in  tne  parameter  list  implies  t.he  readi.ng/.*-riting  of 


■el. 


ac  :he  9511  stack.  The  ncaber  :f  'tyza  r eac, '.Ti ttan 
tt  the  stack  ceper.cs  apcn  t.he  instrtictiar.  ;  see  .•ipper.di:':  II;.  The 
first  cvQ  parameters  refer  tt  the  sending  of  inf cmation  tc  the  star/, 
and  the  third  parameter  refers  to  reading  information  from  the  stack. 

The  parameters  can  be  specified  in  four  different  vap’s:- 


<e!iipt7> 


<variable> 


'neahs  that  the  paraneter  is  not  csed  and  any 
operation  relevant  to  this  parameter  is  net 
peri armed . 

means  the  'direct  address'  of  the  value  that  is 
CO  be  sent/read  from  the  cop  of  the  stack. 


3.  <regi3Car  pair> 


means  the  register  pair  containing  the  address 
of  Che  value  chat  is  to  be  sent, 'read  from  the 
ten  of  the  stack. 


i.  <3hiit>  The  meaning  depends  upon  the  position  in  the 

parameter  list. 

a)  For  the  first  rao  positions,  the  stack  is 
shifted  devn,  the  TOS  (top  of  stack)  being 
copied  tc  the  '.^'OS  (next  to  top  of  stack;  . 
The  bottom  of  the  stack  is  lost. 


b)  For  the  third  position,  the  stack  is  shifted 
up  in  circular  manner  fi.e.  rotated). 


For  both  cases  a)  and  b)  the  number  of  shifts  is 
determined  by  the  instruction  'See  Appendix  II'.  . 


The  Output  File 

3.d.l  Description  of  Structure 

The  structure  of  the  <output  data  sef>  is  the  same  as  that  for  the 
<input  data  seo  except  chat  each  <Iogical  record  y>  from  t.oe  <ir.our 
data  set>  is  expanded  by  the  M  9511  Macro  processor  into  < logical  recor 
M  expanded>  of  the  <output  data  seo.  This  <logical  record  M  ercpanceo 
consists  of  Intel  SC80  assembler  instructions  only. 


The  original  < logical  record  M>  is  added  as  a  comment  to  the  -'outtut 
data  set>  before  the  expansion  is  performed.  A  comment  containing 
blanks  is  added  to  the  end  of  the  <cuc?ut  data  set>  after  tne  a.upansi.n 

The  arepansion  is  described  in  Appendix  III. 


3. -.2  5-.T.:a:c  of  'A  9511  Exoansicn 

<cucpuc  Ljgica.  rac2rd>::»  ■' logical  raccrc  3GSC>  <lcgiocl  racord  :i 

a:cpar.deci> 

<  logical  record  M  expai:dec> ;  <ccc3sienr  head  logical  racord> 

<row  or  logical  records  SG80> 

<ccrmanr  rail  logical  record^ 

15 

<r3w  of  logical  records  5CS0>  <tov  of  logical  records  3C3C> 

< logical  record  30S0> 

< Logical  record  3060> 

<coaa3enr  head  logical  reccrd>::»  <conaie:iC  head>< sac’oer.ce  cember  iield> 

<ccm!nenc  rail  logical  racord>;;-»  <comant  rail:'-^ sequence  nuaber  iield> 

'  — 

<cot!mienc  head>  ;  ;au.<3tacecer.t  M  > 

*  ,  -  ...  ,  , 
<scace=:ent  M  >is  che  cr-mcacad  <sratan:enc  cross  rr.e  rrgnr  ro  rr.e  oedr. 

r.haracrer . 

7: 

<cotanenr  tail>  ;  <saq.  of  bianics> 

The  Princ  File 

3.5.1  Sescriocicn  of  Scrccrara 

The  <print  data  ser>  consists  of  a  listing  of  each  instruction  irons 
the  <input  data  sec>.  For  Y.  9511  Macro  instr-ccticns ,  the  contents  :: 
the  AM  9511  stack  are  sirailated  and  printed  for  each  step  in  the 
instructions  execution.  Warning  and  error  csessages  are  added  as 
necessary,  each  instruction  in  the  listing  is  numbered. 

The  print  file  is  usually  printed  on  the  systara  printer.  The  records 
in  Che  file  are  grouped  into  nssssfaered  pages. 

a)  The  Syntax 

<print  dat"  <file  headingxprinc  data  set  Mxfile  ending'- 

<princ  dr  M>;;*  <print  data  sec  Mxprinced  page>  ''prinrec  pace 

<printad  .  tew  page  actior.xpage  haadir.gxprintcd  page  '> 

55  .  .  .  ,  . 

;  <printad  <printed  page  Mxtrinted  line--  <printac  line - 

<princed  line>;;*  <new  line  accionxprinc  record> 

130 

<princ  record>  <princ  recordxany  char^  <anv  char-- 

b)  The  Semantic 

The  <fila  heading>  consists  cf  a  title  anc  rare 


The  <fil=  er.c:ing>  is  a  suraary  of  rcrals  icr  r.’urbers  si  ir.pur, 
sucpuc,  prirc  records  aad  various  error  rassages  and  varnings . 

The  <page  heading>  is  a  page  nurber 

The  <new  page  acrion>  and  <tiew  line  action>  are  appropriaca  acoicns 
taken  by  hardware  to  display  new  page  or  new  line. 

The  <print  records  consists  cf  five  t^rpas  o£  ressages: 

!.  All  input  logical  records  are  listed  step  by  step,  always 
precseded  by  the  print  record  number 
Z.  Error  messages  see  3.5.2 
3.  Error  warnings  see  3.5.2 

■*.  .After  each  H  9511  Jlacro  lastructicn,  the  status  cf  the  Aid  9511 
internal  stack  is  described  (four  lines)  together  with  warnings 
concerning  any  meaningless  information  on  the  stack,  (This 
check  is  only  formal)  see  3.5.3. 

5,  Blank  lines 

3.5.2  Error  and  Warnings 

There  are  15  possible  error /warning  messages.  Error  messages  are 
issued  wherever  an  error  occurs  during  card  input  and  syr.ta::  checking 
(label  and  parametar  fields). 

Warning  messages  are  concerned  mainly  with  possible  inconsistencies 
in  the  state  of  the  AM  9511  internal  stack. 

Checks  and  appropriate  error  messages  are  also  issued  concerning 
error  conditions  arising  through  possible  but  hopefully  vary  raze 
errors  in  the  basic  programnie  logic. 

The  number  of  error /warming  conditions  arising  during  the  macro- 
processors  operation  is  counted  and  a  sumnar;^  printed  at  the  and  of 
the  run.  Each  error  condition  has  attributed  to  it  an  appropriate 
severity  code.  The  highest  severity  code  arising  during  the  run 
is  issued  as  an  lEM  360  completion  code  for  the  360  job  step. 

3.5.3  AM  9S1I  Stack  Simulation 

It  is  not  obligatory  that  the  results  of  macro  instruction  execution 
be  returned  to  the  external  memory.  Intermediate  results  can  be  left 
in  the  .AM  9511  internal  stack  ready  for  use  with  a  subsequent 
instruction.  This  technique  tan  be  used  for  program  optimisaticn  in 


situations  where  speed  of  execution  is  critical.  However,  with  this 


“achnique  iz  is  asser.risi  chae  che  ercact  content  ct  the  stack,  be 
known  at  all  stages  of  the  enecaticn  of  ccnsecntive  ins trncticns . 
Since  certain  instructions  operate  on  single  precision  wort  lengths 
(16  bits)  whilst  others  operate  on  double  precision  word  lengths 
(22  bits)  and  since  sone  instructions  cause  novements  of  the  stack, 
it  can  become  very  difficult  to  be  certain  as  to  the  concent  of 
che  stack  at  any  given  stage. 

Therefore,  for  ease  of  verification  and  as  an  aid  to  optimisaticn 
the  stack  behaviour  is  simulated  by  the  macro  processor.  The 
results  of  the  simulation  are  displayed  as  four  lines  in  the  print 
file  and  appear  after  che  macro  instruction  itself. 

The  first  line  shows  the  contents  of  the  stack  aftar  the  input  of 
first  parameter,  the  second  line  the  concents  after  input  of  the 
second  parameter,  the  third  line  che  contents  aftar  execution  of  the 
macro  instruction  and  the  fourth  line  the  ccntents  after  output  of  t 
third  parameter. 

The  format  of  each  line  starts  with  the  work  STACC  and  is  followed 
by  four  fields  separated  by  'doc'  characters.  Each  field  represents 
one  double  word  (32  bits)  of  information  on  c.be  stack  with  the  'Top 
of  Stack'  to  the  left.  The  name  appearing  in  each  field  is  either 
a  parameter  name  or  the  name  of  an  instruction,  implying  the  result 
following  the  execution  of  the  instrccticn.  For  double  pracisicn 
parameters,  the  field  is  left  extended  with  characters.  For 
single  precision  parameters,  two  such  parameters  occupy  one  field. 

A  totally  blank  field  or  half  field  in  che  casje  of  single  precision 
characters  implies  an  undefined  stack  concent. 

Warning  messages  concerning  possible  inconsistencies  are  issued  as 
necessary  between  lines. 


C?.CSS~?1AC?,.CP^CCZ33Ga  ,  TRA^^SLArO?^.' 

Basie  3;r'.:cti:ra 

The  translator  is  ccnposad  of  three  nain  parts;  s:;titaetieal  anal -ser, 
synthesiser  of  the  new  scrncture  and  eode  generator.  The  s'rntactieal 
analyser  evaluatas  each  stataaienc  step  by  step  starting  with  the  laoel 
followed  by  the  instr'actior. ,  operands  and  conaenc.  Internal  codes  are 
generated  and  stored  for  each  field  indicating  its  presence  or  absence 
and  its  t^rpe  and  concent. 

The  synthesiser  uses  the  above  codes  to  establish  the  basic  structure 
of  calls  to  the  cede  generators.  These  in  turn  create  groups  of  Intel 
3CS0  instructions  to  access  parameters  and  initiate  operations. 

Any  future  change  in  method  of  interfacing  the  Ali  9511  to  the  SC80 
systein  can  be  easily  acccnmcdated  by  changes  to  the  cede  generators 
and  possibly  synthesiser. 

Coding  Method 

.4.  top  down  structured  programing  approach  was  rigcurcusly  adhered  to 
at  all  stages  in  the  coding  of  the  macro  processor.  This  approach 
enabled  both  the  ceding  and  da-augging  stages  to  be  completed  quickly 
with  a  minimum  of  errors  being  encountered  during  the  work  and 
afterwards  when  in  production.  The  final  programme  is  also  easy  to 
understand  and  can  be  modified  if  necessary  with  relative  ease. 

The  processor  was  coded  in  Fortran  which  although  not  being  ideal  for 
structured  programming  methods  is  nevertheless  widely  used  and  understood 
by  the  user  community  for  whose  use  the  programme  was  originally  intended. 
Special  sequences  of  comment  statements  and  'GO  TO'  instructions  were 
created  to  simulate  the  required  structures  i.a.  SZQUZUCZ,  IF-TTZN, 
.I?-THE1T-SLSE,  WEILE-DO,  ZEPEAT-UiniL,  LC0?-Z:CITIF-E:n3L00? ,  SZLZ CT- CAS E  . 

Each  programme  module  was  divided  into  three  parts,  declaration,  main 
text  and  formats.  The  programme  was  extensively  commented  which 
considerably  assists  its  legibility. 

It  is  intended  that  the  macro  processor  be  used  as  the  first  step  of 
a  two  step  job,  the  second  step  being  a  conventional  assembler.  Step 
Mumber  1  (Pre-Processor)  produces  a  file  containing  conventional  SC80 
assembler  instructions  which  are  then  used  as  input  to  Step  Mumber  1 
(assembler.)  . 


The  system  as  described  in  the  previous  sections  is  operational  and  i 
use  by  the  Rutherford  Appleton  Laboratoin/  Bubble  Chamber  Group  in 
connection  with  its  nicro-computer  based  film  digitising  table  system 
The  cross  macro-assembler  runs  on  the  Group's  VAX  11/73C  computer,  ri. 
object  code  being  loaded  into  a  selected  micro-computer  via  a  local 
communication  network. 

Some  examples  illustrating  the  usage  of  the  macro-assembler  and  the 
macro  expansions  produced  are  given  in  Appendix  IV. 


APPEN'Di:':  I 


The  pariiial  description  of  s^^cax  of  3G80  assembler  statements  as  describe 
by  3NT  production  rules  is  as  follows 

<stac£ment  3C80>  ;:=  <instrccm  fields i <label> : <inscrcon  field> :  l3bel> 

<instruction  3080  field> 

■'instrcom  field>::=«  lar.kety> ;  •■coE2aent>  ’  'ins  truction  3080  field> 

<instructicn  8030  field>::=  <3eq.  of  blanksx instruction  8C30><general  308 

parameter  field> 

<instruccion  3080>{:t=  <inscructicn  8080>-^ lecter> '< lettsr> 

<general  3080  parameter  field>:;=  ':seq.  of  b  1  anksxSOdO  parameter  field> 

•^-blankety> ;  ■"  corar.ent>  '  •'see  .  of  blanks> 

<8080  parameter  field>::=  <8080  parameter  subf ield> | <8080  parameter  subfie 

<3080  parameter  field> 

<8080  parameter  subfield>  for  definition  seeC^l, 
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no-opc rat  1  ons  with  allowed  transfer  of  paraiiieler 
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:e  ge;:e?_aidrs 


tnaz  ars  usac  :cr  aave.c 


M  ?5ii  MiCro  InscT— c 

tions . 

For  all  cases: 

STACK 

EQU 

CF770H  u-Iar 

dwara  De 

pendent) 

CCNTK 

ZQU 

C 777 OH  (Har 

dvare  Dependant; . 

Code  Section  A.  (Sanding  infcrtaaticn  to  the  top  o; 

:  stack) 

Al)  Parameter  is  a 

Label  (i.e.  Direct  Acdrass) 

> 

LDA 

3  *  CP 

1 

STA 

STACK 

1 

LDA 

2  CP 

Double 

STA 

STACL 

Precision 

LDA 

1  +  OP  i 

y 

and 

STA 

STACK  j 

!  For  single 

Floating 

LDA 

0+0?  1 

1  oracision  onlv 

STA 

STACK 

1  ■ 

C?  is  replaced 

by 

;i  Label  Name. 

Sequence  takas 

104  Cloc 

■k  Cycles  '^Double  ?) 

52  Clock  Cycles  (Singe  ?) 

A2)  Parameter  is  a 

Register  Pair  (3C,  DE) 

INK 

3  or  D 

mx 

3  or  D 

i 

INK 

3  or  D  ' 

i 

LDAK 

3  or  D 

1 

1 

ror  single 

j 

STA 

STACK 

S  .  , 

r  oracision  on^y 

Double 

DCK 

3  or  D 

1 

Precision 

LDAK 

3  or  D 

1 

f 

> 

and 

STA 

STACK  - 

1 

L 

1 

f 

Pleating 

DCK 

3  or  D 

LDAK 

3  or  D 

1 

STA 

STACK 

1 

1 

DCK 

3  or  D 

1 

1 

LDAK 

3  or  D 

1 

1 

STA 

STACK 

Sequence  cakes  LlO  Clock  Cycles  (Double  ?) 

50  Clock  Cvcles  (Single  P) 


•  ^  —  S>.  A  ■  ^ 


.-ar^ir.etar  is 


3  ir.i.e  recisi  in :  - 


Dcnble  rracisiin: - 


CCN'TR 


: -eating:- 


A,  12H 


in  a-i  cases  seauer.ca  ta-<es  -c  ciocs.  <-’fclas 


Cede  Section  C  (Sending  Instruction  into  AH  9511) 


H’/I  A,  HTSTR 

3T.A  CCNTR 


IIISTS  ECU 


Binary  Code  of  Aid  9511  instruction  as  defined 
Cemtand  Sunmarv  (r.ef.  1) 


Secuenca  cakes  10  Clock  Cycles  to  send  Instracticn  to  AH  9511 

N.3.  Ilunfaer  of  Clock  Cycles  required  for  AH  9511  to  execute  given  insert 
can  be  found  in  Ref.  1. 


lade  Section  D  (Reading  AH  9511  Device  Status) 


CCNTR 


CONTP. 


Mnrt- 


Sequence  cakes  at;  least;  11-.  Clock  Cycles, 
device  is  busy  vhen  request  is  made. 


l>e  ; 


Ikis  sequt  •'.03  corresDor:d=  t  e  the  Macrj  Instrucri.'U  kSTM.  '  rr  'k  ■ 

iev'r!  Status  Register  is  Cransferrea  to  Bits  {0-^)  ‘f  the  “Oti./.S  .\:.;umul..t 
Sign,  Zero  and  Ca-rry  replace  the  cor  responding  SORdA  ag.s. 

SdSO.j  ."'arity  Flag  is  not  affected. 

The  abi-'ve  code  sections  sre  assembled  t-'gether  acccrdi'.ig  t:.  the  1!  i- '■ !  1 
macro  instruction  in  the  following  order:- 


1.  Code  relevant  to  first  parameter  (if  anyl  i  ,s  selected  from  Greu:;  X. 

2.  Cc'ae  relevant  to  second  par.imeter  (if  any)  follcw.s  and  is  also  select 
frc'Tn  Group  .4. 

3.  Code  for  instruction  er.ecutijn  follows  and  is  Group  C  code. 


Cone  relevant  to  third  parameter  (if  any)  fellows  and  is  selected  fro 


T 


a?pe'.:dix  :v 


h::cample3 


A .  ■•’ar  anetiar  .saae 


iir.arv  r ur.c; ri -'ns 


a; 


r  AEi: 


-AM: 

DS 

.■VLI: 

DS 

T,: 

DS 

'vTienever  an 

a  V  •  ti  ^  • 

result  is  c 

C'pied  f: 

is  popped  up 

circui. 

the  stack. 

LHLD 

.'_M 

MCV 

3,  H 

MOV 

C,  L 

LHLD 

.‘J-I 

XCHG 

F.ADD 

3,  D 

LHLD 

.AM 

MOV 

3,  H 

MOV 

C,  L 

F.ADD 

.ALI, 

F.ADD 

AM,  , 

FADD 

,  -AM 

. ;  r^oacir.a  no  in 
>;  floacing  poin 
floating  pcin 


c  numoer 
r  number 
c  resuir 


:.0) 


che  TCS  cc  che  external  address  and  the  stack 
.the  result  of  creraticn  is  now  on  che  bcctcn  c! 


;  Address  *:  .\y.  in  3C 


;  Address  of  ALI  in  DZ 
;  Result  back  in  .411 


;  Address  of  AM  in  3C 


Result  stays  in  che  TCS 


These  instructions  add  floating  point  number  expected  in  TOS  to  floatir 
point  number  stored  at  AM.  The  results  is  sent  to  location  address  '.'7, 
Both  these  instructions  aroduce  the  sane  result. 


e)  FADD 


VT 

1  J  * 


This  instruction  adds  floating  point  number  e.xpected  in  TOS  to  floating 
point  number  expected  in  NOS.  The  result  is  sent  to  location  address  VI 


y 


r 


1  '  r  ADD 


This  ir.scruciicn  adds  fljacina  point  nvtnber  expectea  in  ICS  t: 
t  'int  nuniber  extected  in  NOS.  The  result  stavs  in  the  TOS . 


.oatir.E 


^  T.ADD 


This  instruction  first  sends  the  floating  point  number  expected  is 
a  concent  of  A>!  to  TCS .  The  secona  parameter  ^.S)  causes  the  stack  to 
be  pushed  down  whilst  leaving  the  original  TOS  intact.  The  instruction 
tiien  adds  TCS  and  NOS  the  result  being  olacei  first  in  TOS  and  tnen  sen: 
to  VT. 

The  above  result  could  be  0bt2ir.ec  in  a  less  efficient  manner  by  using 
the  fcllcwi.ng  instruction:  F.ADD  .il-l,  .AM,  VT . 


h;  F-AOD 


The  expected  floating  point  number  in  TCS  is  doubled, 


i'j  e.-XD 
".ADD 


S ,  3 
.  .  '.r; 


The  expected  floating  point  number  in  TOS  is  tripled  and  sent  to  '.T . 

This  eirample  emphasises  the  importance  of  understanding  the  stack  tehavio 


L'nary  Functions 

SIN  AM,  ,  ’TT 

sinus  of  AM  is  sent  to  'n 
but:  SIN  A^I,  .ALT,  VT 

is  flagged  as  an  error  009  and  parameter  ALT  is  not  used  and  sinus 
of  -AM  is  sent  to  VT 

SIN  ,,  VT 

sinus  of  TOS  is  sent  to  VT 

SIN 

sinus  of  TOS  rerlaces  TOS 


Program  ieooi  .t.:  — 


C.^l: 

OS 

- 

r.  Cjorai.nac 

^  i'  r  r 

iansu 

CR2; 

OS 

4 

»•  H 

•  1 

CX; 

DS 

4 

n..  -- 

w  A  ^  ^ 

.  r  - 

“  rna 

CX; 

OS 

4 

r>.T  (■  ' ' 

(1 

'■ 

CXI: 

OS 

.. 

9216.0 

11 

»i 

CX2: 

DS 

4 

2560C.0  .  " 

■' 

CP.4D : 

DS 

4 

0.005  ■  " 

fi 

■■ 

CB: 

DS 

4 

b=137.45  1  " 

» 

" 

GZT.-l; 

OS 

1. 

n  ;  " 

'1 

M 

D5 

y 

CDVA: 

DS 

4 

25.0  (  •’ 

t’ 

M 

t~  .'W  T"  . 

: 

DS 

4 

1.0  (  " 

fi 

M 

C  TTsT!  : 

DS 

2.C  (  " 

II 

1* 

CAl: 

DS 

4 

a-. 

C.V2; 

DS 

4 

^2 

X; 

DS 

4 

X  Coordinate 

(Cart 

esLsn 

Y: 

OS 

4 

y 

M 

Inst 

'•lo; 

1. 

ST.JlRT: 

FLTD 

CRI 

r: 

-• 

FSUB 

CXI 

> 

ri.  -  9216.0 

3 . 

FOXJL 

CP.AD 

> 

0.005C'*(r-^  - 

9216. 

0) 

4 , 

FilDD 

CX,, 

CAl  : 

a- 

^  ■ 

7LTD 

CR2 

6 . 

FSL-3 

CX2 

rr  -  256OC.0 

'■  • 

rr’IUI. 

CP.AD 

C.0050*(r:  - 

256C0 

.0) 

S . 

F.\DD 

CY,, 

CA2  ; 

32 

9. 

fmul 

CAl, 

S  ; 

10. 

Fl-lUL 

CAD, 

S  ; 

1 1 . 

"ScB 

> 

a[  -  ar 

12. 

fmul 

C2,  3 

b" 

13. 

".ADD 

t 

a,""  -  a.-  - 

14 . 

FDIV 

CTWO 

« 

-  a,=  ^ 

/2.0 

15 . 

?DI7 

CAl 

9 

/  ■'  *7 

(.a.“  -  a;-  +  b“) 

/C2.0 

a 

15. 

"DIV 

C3„  CETA  ; 

-  ^ 

n 

• 

17 . 

XOPF 

CDV’A, 

COXE  ; 

nu  i  a 


0  . 

res 

NCS 

2  OS 

STACK; 

;::ccix  CRl 

( 

STACK ; 

CRl 

STACK: 

-.cccix  ?LTT 

STACK: 

STACK: 

rctrcix  CKl 

x:cv:cx  FLTD 

‘ 

STACK : 

;c<:a:x  CKl  ; 

ixcixx  FLTD  i 

' 

STACK; 

;c^:c:cx  ?SU3  . 

; 

STACK; 

•xi-nctxc  FSUB 

1 

STACK; 

CPAD 

incccx  FSUB 

1 

STACK: 

:cxx:^x  C?AD 

;:x:c::x  FSUB 

STACK: 

:-xc:ocx  FI-lUL 

STACK: 

;c;ccx::  FMUL 

1 

i 

! 

STACK: 

xxxx::  CX 

x:cc:ac  FMUL  i 

STACK; 

zenexx  CX 

icccct  FMUL 

STACK; 

xxx:<x  7:1DD 

>  } 

1 

STACK: 

i 

x>::ixx  CAl 

= 

J  • 

STACK; 

xicco;  CR2 

1 

STACK; 

xx:<:ct  CR2 

'  1 

STACK: 

resrexx  FLTD 

i 

1 

STACK: 

x:ccix  FLTD 

i 

c; 

STACK; 

;ccc:X':  CK2 

x:c:c:cc  FLTD 

STACK: 

CK2 

x;::qcx  FLTD 

STACK: 

;cix:cc  FS’13 

, 

STACK : 

;cecix  FSL'B 

• 

i 

7  . 

STACK: 

;<xxx:i  CPAD 

:ixx:^x  FSUB 

STACK: 

:tx:cx:c  GP.ID 

:cc:ac:c  FSUE  '  |  . 

STACK; 

:fx:cci  rC-IUL 

, 

STACK: 

;cc:x::  FMUL 

’  ( 

3. 

STACK: 

xxxxx  CY 

xzcxxx  FMUL  ' 

STACK: 

rctxxx  CY 

xxxioc  FMUL 

; 

STACK: 

:c::cc<  F.^D 

1 

STACK: 

i 

xxxrxt  CA2 

Q  ^ 

STACK: 

;cccxx  GAl 

. 

! 

1 

STACK : 

TKtXXX  CAl 

1  x:cc:<x  CAl  j 

, 

; 

STACK: 

:<xxx:<  FlfJL 

1 

STACK; 

x:cx:':x  PlfUL 

i 

1 

1 

I 


1 


I 


'  t;  — 


Stack  Siaulati'-'p.  ’'Conti. ) 


7  ^ 

Mo . 

1 

i  TCS 

! 

MOS 

10. 

STACK: 

;ixs:tx  CA3 

1 

;;:ctx:t  FMUL  ] 

STACK: 

CA2 

;ix:t:cx  CA2 

xx:c:t:i  F;-UJL 

STA.CK; 

rccjxx  ?MUL 

:xcc:x  FMUL  ! 

STACK: 

'.cxtcttc  FMUL 

xxx:cc  F51UL 

11. 

STACK: 

xxxxx  FISUL 

xxxxx  FMUL 

STACK: 

xiccxx  FMUL 

xiccct  FMUL 

STACK; 

xxxxx  FSUS 

STACK: 

xxtixx  FSU3 

■> 

ST.i^CK: 

;tx;cxx  C3 

;cc:cxx  FSUS 

STACK: 

;ccx:zc  C3 

:cc:ctx  C3 

:v:cc^^:  F5U3 

STACK: 

x:cccx 

:cx:<xx  FSUS 

STACK: 

FMUL 

>xtx;vx  FSU3 

13. 

STACK; 

rccxxx  FMUL 

xtcxtcc  FSUS 

STACK: 

;c-::c:x  FMUL 

;cc::xx  FSUS 

STACK; 

:r.tx;tx  F.ADD 

STACK; 

xtCGtx  FACD 

1  ' 

ST.ACK; 

x;ctxx  CTKC 

xtcctx  FADD 

STACK: 

xc<x:^  C'T.vO 

;tx;-ntx  FADD 

STACK; 

::;v:<;cc  FDI7 

STACK: 

rccrxx  FDIV 

i 

( 

15 . 

STACK: 

;ccxxx  CAI 

:ccctx  FDIV  : 

STACK: 

.•::ac;t:<  CAi 

i 

STACK: 

k:cc<:c  FDIV 

STACK; 

xxtcct  FDIV 

i 

16. 

STACK : 

x;occ5  C3 

rcciccc  FDIV  \ 

STACK: 

xxxxx  C3 

:ct;txx  FDIV  ; 

STACK: 

xtcttx?  FDIV 

1 

STACK: 

1 

17. 

STACK: 

;cx:ix;c  CDV.\ 

STACK: 

;cxxx:c  CCND 

;i;c::ct  CDVA 

STACK: 

:<x;cxx  COKE 

:::c::c<  CDVA  : 

STACK; 

xxx:<x  CON'Z 

i 

:c:ccx:c  CDVA 

13. 

STACK: 

xx:4:n;  CETA 

:cctxx  COKE 

xxxxct  CD\.\ 

STACK: 

:c:xxx  CETA 

xtixrcx  CETA 

;t;nvx-x  CON’Z 

STACK: 

xtxcix  FMUL 

xx;t:cx  CONE 

itxxxx  CDV.A 

STACK: 

xxttxx  FMUL 

xx:tx:<  CON’S 

xx;c:;:  CDVA 

3CS 


xx;c:c:i  CZTA 


:ct;o:x  Cl 


I 


imul^cicr!  '  C. 


STAC:<;  1 

:cc:c<::  , 

x;::<:cx  CON 

STACK;  ! 

xx:tx:i  STrCL  ■ 

xxx:-;::  CON 

:'.:c:c<:c  CDVA 
;<:c:<:cc  CDVA 


STACK: 

;cxx;:x  KSUB  | 

;c<;cvx  GDVA 

STACK; 

;«x;cx  CAl  ' 

>xtx:;x  ?SU3 

STACK : 

♦ 

x;ix;cx  CA 1  { 

;cxxxx  FSUB 

STACK;  1 

;v:;:<xx  F>fUL 

>rxx:c<  CDVA 

STACK ;  j 

:<xxxx  SOTTL 

x-ncxx  CDVA 

STACK:  1 

:-;;cx;«  F'.-IUL 

x:x<xx  CDVA 

STACK; 

xxx:cx  FT5UL 

! 

xxxxx  CDVA 

STACK: 

'.r.ci'.a  FSUB 

1 

STACK; 

1 

1 

STACK; 

:{:;:c<x  CETA  i 

!  1 

i 

STACK : 

;<xxxx  CAl 

x:ocxx  CETA 

STACK ; 

yziKioi.  FMUL 

STACK: 

1 

INTEL  8080  source  code  is  assembled  on  the  Bubble  Chamber  Group 
VAX  11/780  computer  using  a  cross  assembler  written  in  BCPL  code 


As  this  cross  assembler  is  a  CPU  intensive  process  then  acces 
to  it  is  via  a  BATCH  job  running  in  the  SYSSAESE^  batch  queue. 

This  appendix  describes  the  action  of  the  batch  job  and  hov/  th 
M951i  Macro  Processor  is  used,  along  with  the  cc.mmands  needed  t 
execute  the  job. 


(A)  BA7CA  JOB. 

The  batch'job  has  seven  input  parameters  (FI  to  ?7)  whic 
control  the  flow  of  the  job.  They  are  as  follows;- 


PI 

Input  tile  name 

(If  type  is  .ADD  then  ?1  becomes  a 
concatenation  file  containing  a 
list  of  input  files) 

P2 

Output  file  name 

(4-character  na.me  of  program) 

P3 

Default  directory 

(directory  where  Pi  exists) 

P4 

Username 

(Used  by  job  to  keep  user  informed 
of  its  progress) 

P5 

Title 

(String  of  characters) 

F6 

Cross  reference  flag 

(YE3/N0) 

F7 

M3311  flag 

(YES/NO) 

The  flow  of  executicp.  thrcu^h  the  batch  job  is  as  lollows- 
')  Check  pararf'.slers . 

2)  Run  pre-processor 
whe  r  e . 

Input  file  name  Pi 

Output  file  name  'YCPkC;  P2  TEf.l 

3)  If  P7  is  "'I'ES"  then  run  M95II  Macro  Processor 
where , 

Input  file  name  VYCPiC :  P2  TE3.f ; n  ( n  i  s 

vers  no 

Output  file  name  iVOKK :  P2  .  TEIM ;  n-‘-  i 

List  file  name  WOPJ< :  A.'.t95  1 1 .  L 1 S 

4)  Run  Cross  assembler. 

••vhere, 

I  nput  file  name  WOPC< :  ?2  . 

Output  file  name  GO. DAT 

List  file  name  WORK . F2 . L I S 

5)  If  Program  name  (F2)  is  "NTjLL"  then  terminate 

6)  Run  Leader, 
where. 

Inpu  t  file  name  GO . DAT 

Output  file  .name  SYS.SEXZ :  [  AFC4  j  ?2  LCD 


(3i  'BATCH  JC3  SXEDJTION 


/O’!  Arith„,t2iiic  PToc£ssAr.2 

AwV3ncs^  Micro  Piivcci^s,  9C1.  Trvcr'.'oscti  Plcc^ , 


Purherfcrd  Laboratory/  Report  \L-o2-<'j'.  ) 
Microccirpurer  Lnir,  ?,  Rairrco”,  J  Sari 
j  G  L'ataon. 


J  rt  Backus:  The  ayntax  and  senantics  of  the  prcpcsec 
algebraic  language  of  the  Zurich  ACM-GAl-Zi  conference, 

IliTZL  3C3C/3C35  Assembly  Language 
Programming  Manual  SS-riC. 


UPPER  PART  OP  STACK 


VAIIK 


PRINT  FILE 


FIGURE  3  .  M9511  DATA  FLOW 


